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FURTHER STUDY OF SELF-ASSEMBLY IN T2 PHAGE TAIL SHEATHS

Biokhimiya ' B. F. Poglazov and T. I.
(Biochemistry) Nikol'skaya
Vol. 32, No. 3, pages 1079-1083, 1967

We showed in earlier works [1, 2] that brief exposure to a
2 M KOH solut:ion results in T2 phage tail sheaths with a sedimen-
tation constant of about 107S breaking down into smaller fragmenta
with constants of the order of 10 - 30S. Subsequent dialysis is
followed by protein reaggregation and appearance of structures re-
sembling the original tail sheaths. This finding was the first ia-
dication that T2 phage tail sheaths can be reconstructed under arti-
ticial conditions. However, it was still unclear why the process of
self-assenbly ceasss with the formation of structures as long as the
intact sheaths and goes no further. It would be logical to assume
that under ia vitro conditions, when thers is no specific regulation
of the process, self-assexbly may continue and give rise to loager
structures, as in the case of reaggregation of BTM protein [3].
Moreover, we observed [4], as did Kellenberger and Boy de la Tour [51,
that lysates obtained aftar the escape of T2 and T4 phages from cells
may contain structures, the so-called polysheaths, whose length far
exceeds that of normal sheaths.

Thus, our purposa in this work was to make a more detailed
study of ths processes of disaggregation and self-assembly in T2
phage tail sheaths and to determine the conditions under which pro-
tein reaggregation is not eharply limited.
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- Method

The method of preparing highly purified T2 bacteriophage and
isolating the tail shecaths has already been deacribed [6].

The sedimentation characteristica were deterwined in a Hitachi
analytic ultracentrifuge. The relative visceaity cf the solutions
of the sheaths vas msasursd at 24° in a protein concentration of
6.25 « 7.0 ®g/m]l in a Ostwald viscosimeter. Ths results wers express-
od in units of the reduced viscosity.

An 11B Hitachi microscope was used with electron-optic magni-
fication of 50,000 and voltage of 75 kv. The preparations for the
electron~-microscopic study were :ontrasted with a 2% uranyl acetzte
soluticn and covered by a Foravar film.

The turbidity of the protein substances waz determined in an
SF-44 spectrophatosstier at 500 ey,

Resultse

The teil sheaths were is¢olated into a separate fraction by
means of alkall treatment and differential centrifugation. The high
degree of purity of the preparstion was confirmed by sedimentation

b and electron-microscopic studiea. The sedimentation coefficient of
the whuls tail gheaths under the given conditiona (solvent - water)
was about 1108, Electron microscopy showed that the preparation was
a homogsneous suspension of contracted tail sheaths (Fig. 1). Aba-
lysis of the electron-microscopic photographs confirmed thay the mean
diamster of the shesths was 230 A while the length was 350 4. Ths
number of cormetituont protoin subunits ranged from 13Z-144.7 ~
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T2 phags tail sheaths
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In the present work, as in the earlier one, we treated the
tail sheaths with KOH in order to disaociate them inte aubunits.
In doing so we made a detailed study of the effect of various XOH
cnncentrations on some physicochemical preperties of the shesths.

Since one of the most effective methods of studying the de-
gradation of protein etructures is sedimentation analysis, we in-
vestigated the effect of varicus concentrations of the alkali on
the sedimentation coefficient of these atructures in the ultracen-
trifuge., We found a distinct relationship between the valus of the
sedimentation coefficient of the tall sheatha and the smount of al-
kali added. Figure 2 ahows that in soclutions centaining the alkali ias
low concentrations (up to 0.0l M, which corresponds Lo a pH of 10.7},
the sedimentation coefficient does not change, i.e., the siructure of
thie sheath reomainsg intact., 4nd only a further increase in the coa-
centration of the alkali to 2 M cauased the sedimentation coefficient
to decrease gradually from 1105 to 1.5 -« 2,058 (cf. table).
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Fig. 2. Relationship between the sedimentation coef-
ficient of T2 phage tail sheaths end KOH con-~
centration

Y¥ater solutions of the tail sheaths with
a protein concentration of 3.0 % 0.3 mg/ml
were used, C - alkalil concentration

The changes werc more couplex in a 1M KOH solution. Brief
exposure to the alkali (10-15 min) reduced the sadisentation coef~
ficient to 525, bul this decrease was reversible. ¥Yith a longer
expoaure (30-60 wmin) the cosfficient decreased to 1.3+2.08 and sub-
sequent diamlysis produced marked aggregation, resulting in the for-
mation of heavier and more heterogeneous material. 4 bigh concen—
tration of the alksli (2 M) was much sore effective, causing a rspid
(within 15 min) digsocilation to subunits (1.3 - 2.05). Subaequent
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Sedimentation Coefficients of T2 Phage Tail Sheaths With
DPifforent KOH Concentrations
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dialyois, as in the case of the 1 M soclution, intensified the forma-
tion of aeavy and haetercogensous aggregates.

The eedimentation coefficients of these aggregates were con-
siderably higher than those of the original whole tail sheaths. Tha
results of the experiments suggested that in KOH solutions of low
concentraticn (0.018-0.1 M) or after brief expoaure to 1 M KOH sclu-
tion, the protein helix from which the tail sheath ia constructed
atretches like a spring without dimscciating into subunits. In doing
8o the sedimentation coefficlent decreases because of the more asym-
metr cal structure, Removal of the alkali causes the helix to con-
"ract again. In more concentrated moclutions of the alkali (2 M) or
after longer exposure to a 1 M KOH aolution, the helix not only
stretches, but it appears to dissociate into subupits with a sedimen-
tation constant of 1,5 - 2.08, 1In thie event subsequent dialysis nec~
ssgerily ieads to the formation of longer units,

The results of expsriments with determining the viscositiy of
a solution of tail sheaths upon the addition of increaming amounts of
KOH confirmed the correctness of cur assumption on the dissoclation
Frocess. We found that an increase in the concentration of the alkall
increased the viscesity of the aclution, the maximum values occurring
with the 1 M XOH solution (Fig. 3). Adding more alixali to the solu-
tion sherply decreased its viascosity. These findinga are consiatent
with the reesults of zedimentation analysis and show that in solutions
with an elkali concentraticn of up to 1M, where thers are reversible
changes in the sedimentation ceefficient, the tail sheaths becoms
more asymmetrical, i.e., they strexh., Higher ctoncentirations of the
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Fig, 3. Relationship between the reduced viacosity
of T2 phage tail sheastha and KOH cencentra-
tion

Water sclutions of the t=2il sheaths with

a protein concentration of 0.625X% were
used. The measurements were made at 249
immediately after the alkali waa added. C'
and C - protein and alkali concentrations,
respoctively

alkseli (above 1 M), when the sedimentation coefficient decreases
sharply to 1.5 - 2,08, cause the sheaths to dissociate into sub-
units, as reflected in decreased viscosity of the sclution. Thus,
an alkali concentration of about 1 M is a threshold concentraticn,
but, as our experiments showed, the dissociation of the tail sheaths
into subunits necessarily goes through the stage of stretching of
the protein helix. It is quite evident from Fig. 4 that the viacca-
ity of the suspension increases upcn the addition of the alkali, but
atarts to decrsase immediately theresafter. This complex set of
changes in ths quaternary structure of the sheaths had to be taken
into account in all the control determinations.

These resultse weould have besen incomplete without an electrone
microscopic study of the process of degradation and aggregation of
the teil sheeth protein. The high degree of resolution ¢f the elec-
tron microscope enabled us to analyzme carefully the structure of the
tail sheaths before and after they wers treated with the alkali.

In the presence of 1 M KOH, the preparations were found to
contain inztead of the normal sheaths a largs aumber of threads
(Fig. 5, a) forming & mat-liks structure. When the alkali concen-
tration was inersased, the thresads disappeared and the entirs visual
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Fig. 4. Change in the reduced viscosity of T2 phage
tail sheaths in a 1 M KOH solution

Water aclutions of the tail sheaths with
a protein concentration of 0.625% werse
used. The measurements were made at 249.
The arrow indicates the time when the .- .
KOH solution was added.

c' - pr?toin concentration

field was studded with subunits (Fig. 5, b). Removal of the a’kali

by dialysis altered the picture considerably. The preparations
treated with weak alkali (0.1 M) contained instead of threads struc-
turea that were outwardly indietinguishable from the original tail
sheaths (Fig. 5, ¢}, i.e,, the helix apparently contracted, But in
cases where 1 M and sometimes 2 M alkall was used, dialysis resultad
in the appearance of a large number of tubules tending to vigorous
side-~to-side aggregation (Fig. 5, d, e). Mecasurement of the small-
ezt diamcter of the tubules showed that it matched the diameter of

the intact tail sheath {about 250 A). They were usually longer than
th2 original sheaths. In many cases units were forwmed in which it

was difficult to distinguish the individuel tubules owing to the
atrong interaction ¢f the tubules with one another. The packing of
the subunits in the tubular structures could be discerned very in-
frequently and then only with great difficulty. We believe that

these structures were polysheaths formed in vitro by the self-gusembly
of the sheath protein. The diszlyzed preparations ohtained after
treatment with 1 M alkali contained occasional threads (Fig. 5, f)
from which the pelysheaths were apparently constructed following
further aggregation. Also, & few normal sheaths about 350 i long .
weres invariably preeent in the preparations. This showed that part

of the originsl protein helixes merely airetched but did net dissocciate
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Fico 5, a=C,

phage tail

a - threads
b - protein
of the teil
paration of

self-assembly of protein subunits (preparation

eheaths.

Electron-microscopic phctographs of the
degradation and reaggregation products of T2

of streiched tail sheaths in 1 M KOH;
subunits obtained after dissociation

sheaths in 2 » KUH; ¢ - dialyzed pre-

tail sheaths after treatment with C.
M KOH; d - 8 = polysheathe formed by artificlal

1

dialyzed after treatment with 1 M KOH for 30 min);
f - initial atage of reaggregation of sheath pro-

tein after treatment with 1 M KOH fer 30 ain.

Fiso 5’ d - ‘.

Found on following pags.
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into subunits. It will be noted that self-assembly of the subunits
into polyeheaths occurred only after a comparatively brief exposure
to the alkali (usually no more than an hour). A longer exposure
disrupted the orderliness of the procesa and inwtead of polysheathes
amorphous units appearsd.

Diacussion

Sarkar et al. (7] showed that tail sheaths are stretched
slightly by high ccncentrationa of ATP. In our experiments ths uae
of strong treatment made it possible to go further and induce more
severe structural impairment, although in both cases it would appear
that the guaternary structureof the sheath was stretched as a result
of electrostatic repulasion,

The polysheaths formed by self-assembly had the astructure of
contracted sheaths, indicating that the process of coatraction re-
sulted from deep irreversible changes in tha pr.tein molecules and
subsequent reorganization of the entire structuro., We cannct say
for sure that the alkali was responsible for the sheaths stretching
into structures cecrrsesponding to the stretched sheaths in the intact
phagea. On the other hand, 1! is reasonable to believe that the ar-
tificial stretching of the sheaths reflected a change in the already
reorganized structure. The poasible ways of reorganization of the
sheaths after contraction were recently discussed in the literature
[8, 9], althouzh many aspects of the problem remain obascure,

¥z showed in our earlier studies [1, 2] that strong exposure
to alkali destroys the tail sheaths while markedly decreasing the
sedimentation coefficient. 'However, we were unable to observe the
formation of p2lysheathsa, apparently due to tie insufficient resolv-
ing power of the electron wmicroscope that we used, especially since
the polysheaths exhibited an extremely powerful tendency to side~to-
side aggregaticn, (hus making it difficult to distinguish the in-
dividunl tubules. However, we were able to induce a restoration of
the original tail sheaths and the somewhat shortier cylindera. This
restoration was apparsatly caused by contraction of the stretched
protein strands and by aggregation of a few subunits. Now that we
have obtained data on the self-assembly of polysheaths, we can say
in full confidence that this process tskes place during the forma-
tion of tail shkeaths in vitro, although the manner of self-asaseably
of the atretched tail sheeth ia still unknown.
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Conclusion

Sedimenitation analysisd, viscosity determinations, and elec-
tron microscopy showed that treatment of T2 phage tail sheaths with
KOH solutiona in cencentrations of 0.018-0.1 M and brief exposure
tec 1 M KOH results in stretching of the protein helix which consti~

tutes the cylinder of the tail sheath. This stretching is reversible

and it is followed by a decrease in the sedimentation coefficient
from 1103 to 52S. 1Increasing the alkali concentration to 2 M and
longer exposure to 1 M KOH causes the stretched protein helixes to
dissociate into subunits with a aedimentation coefficient of about
1.5 = 2.03., Subsequent dialysis regults in self-assembly of the
rubunits which ends in the formation of polysheaths.

We expresa our sincere thanka to V. V. Kruglyakov for his
invaluable help.
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